tion of pseudoaneurysms, 1, 10, 18, 29 arteriovenous fistulas, 18 or intracranial hemorrhage that causes new neurological deficits. 8 Lastly, EVDs can result in local surgical-site infections or, worse, infection of the meninges, brain parenchyma, or ventricular system. 16, 23 The risk factors for EVD-related infections include intraventricular hemorrhage, craniotomy, and the duration of EVD placement, with a significant increase in risk after 5 days of drainage. 2, 15, 20, 22, 26 Other risk factors include the coexistence of other systemic infections, depressed cranial fractures, irrigation or manipulation of the EVD system (e.g., CSF sampling or the intraventricular instillation of thrombolytics), and the environment in which the catheter is placed (e.g., the ICU vs operating room vs emergency department). 2, 14, 15, 20, 22, 26 Moreover, the length of time of catheter placement has been suggested to have the most notable relationship to infection incidence. 3, 17 EVDrelated infections can lead to an increased length of stay in the ICU and hospital, increased cost to the health care system, permanent brain damage, and even death. 11 The incidence of EVD-associated infections reported by single institutions varies from 0% to 23.2%. 14, 21, 22, 25 Despite the plethora of data published on the various risk factors for EVD-associated infections and methods employed to avoid them, there are only a few reports of EVD insertion protocols. 9 Nearly all of the published protocols were created after observing increased rates of EVD-associated infections. Unfortunately, the majority of these protocols have not crossed into the universal practice of neurosurgery. The 2011 Centers for Disease Control and Prevention (CDC) guideline for the prevention of intravascular catheter-related infections is a valuable tool for reducing catheter-related infections; however, it is not specific to EVDs. 24 While guidelines exist for many neurosurgical patients and procedures, the procedure for EVD insertion has yet to be standardized in a universal, evidence-based manner.
The goal of this project was to survey the neurosurgical community and determine the most frequent practices and attitudes regarding EVDs. Our secondary objective was to identify any trends or patterns in EVD insertion methods that could be used for the future development of prospective research trials aimed at developing evidence-based guidelines and standards for the care of patients with EVDs. We hypothesized that there would be no standard practices identified for EVD insertion and subsequent methods to avoid EVD-associated infections.
Methods
The American Association of Neurological Surgeons' membership database was queried for all board-certified or board-eligible neurosurgeons who had an email address. All neurosurgery resident trainees at any postgraduate level who also had an email address were also included. A survey was created using SurveyMonkey that included 16 questions in a multiple-choice format. Key demographic information was collected, including the level of training of the survey respondent (attending or resident) as well as the type of practice where the respondent is employed (academic, private-academic hybrid, or private practice). Any data that could be used as an identifier were automatically de-identified by the software. Specific questions were aimed at the methods and practices used for the insertion and management of EVDs in the respondent's practice. Lastly, if the respondent indicated that he or she used a standard protocol for EVD insertion and management, he or she was given the option to share this via a file upload link at the end of the survey. The specific survey questions can be found in Supplemental Table 1 .
The survey was administered electronically, and respondent participation was completely voluntary with no incentives given for completion. Institutional review board approval was obtained prior to survey distribution.
The survey remained open for 1 month to allow for timedelayed responses to the initial distribution, with a single reminder being sent approximately 2 weeks after initial distribution. The responses were collected electronically in an anonymous fashion using SurveyMonkey, and the descriptive results were tabulated. The SAS statistical software package (version 9.4, SAS Institute Inc.) was then used to calculate the quantity, mean, standard deviation, and frequency of all responses. All data were analyzed using the chi-square test with a = 0.05.
Results

Demographics of Survey Respondents
The query of the American Association of Neurological Surgeons' database yielded 7217 email addresses for board-certified neurosurgeons, board-eligible neurosurgeons, or neurosurgical resident trainees. The survey was distributed via email on December 1, 2014. The survey reminder was sent on December 12, 2014. The survey was closed to responses on December 31, 2014. In total, 1143 respondents completed the survey, which represented a response rate of 15.8%. The demographics of the respondents are summarized in Table 1 . In total, 795 respondents (69.6%) were board-certified or board-eligible neurosurgeons, while 314 (27.5%) were neurosurgery resident trainees. In total, 613 respondents (53.8%) were employed in an academic practice, while 363 (31.8%) were in private practice. EVDs were most commonly placed in the ICU (741 responses; 64.9%). In total, 1077 respondents (94.6%) had placed at least 1 EVD in the last 12 months, while 62 respondents (5.4%) had not placed any EVDs in the last year.
EVD Insertion and Management Practices
Sterile towel use (77.6%), prepping with a down drape (56.3%), and prepping with ChloraPrep (Becton, Dickinson and Company) (56.3%) were the most commonly reported antiseptic preparation and sterile field draping techniques. Notably, the average number of methods used was 2.9 ± 1.0, with 34% of respondents using 1 to 2 methods. The majority of the respondents always used preprocedural antibiotics (49.0%). Twenty-nine percent of the participants reported always using continuous empirical antibiotic use, whereas 40.8% of respondents never used this management technique. Nearly two-thirds of the participants reported to always, or whenever possible, use antibiotic-impregnated catheters. The majority of respon-dents (46.5%) reported that they would use CSF sampling to test for possible infection when temperature is >38.5°C, whereas 39.5% of respondents reported that CSF sampling was performed on a regular schedule. Data are further summarized in Table 2 .
Finally, the responses related to the minimum amount of clinical information required to suspect an EVD-associated infection revealed that the majority of responders considered a positive CSF culture (42.4%) and positive CSF Gram stain (34.0%) to be the most significant indicators of infection. The minimum amount of information needed to initiate treatment for possible EVD-associated infection was most commonly a positive CSF Gram stain (38.2%) and an increased CSF white blood cell count (27.4%). These results are presented in Table 3 .
Self-Reported Infection Rates, Protocol Usage, and Compliance
In total, 705 respondents (61.6%) reported the formal tracking of EVD-associated infections at their institution, and 238 respondents (21%) were unsure if their institution tracked EVD-associated infections. The most commonly self-reported EVD-associated infection rate ranged from 1% to 3% (531 respondents; 56.1%). Only 451 respondents (42.7%) indicated that their institution utilizes a formal protocol for EVD placement. If a respondent's institution had a protocol, only 258 respondents (36.1%) always complied with the protocol. These data are further summarized in Table 4 .
EVD Insertion and Management Practices Stratified by Level of Training
The results were stratified by level of training, which revealed that the distribution of the locations of EVD insertion was significantly different among residents and attending physicians (p < 0.001). Both residents and attending physicians performed EVD insertion most commonly in the ICU (77.4% and 60.2%, respectively). Attending physicians more frequently inserted an EVD in the operating room (33.0% vs 11.8%), whereas residents did so in the ICU (77.4% vs 60.2%) and in the emergency department (10.9% vs 6.8%). Similarly, the distribution of the number of inserted EVDs was significantly different between the residents and attending physicians (p < 0.001). Residents were more likely to place 6 to 10 EVDs per year (48.9%) Table 5 .
Factors Related to Utilization of a Protocol
There were statistically significant differences in protocol utilization when compared with the level of training, type of practice, locations where drains were inserted, and tracking of the infection rate. Residents were more likely to use a protocol than attending physicians (51.2% vs 39.5%, respectively; p < 0.001). Respondents from institutions who train residents (academic or hybrid privateacademic institutions) were more likely to use an EVD placement protocol compared with those in private practice (51.5% vs 24.0%, respectively; p < 0.001). A protocol was more likely to be used if an EVD was inserted in ICU settings (p = 0.038). The participants who tracked the infection rate were more like to use a protocol than those who did not (52.3% vs 16.5%; p < 0.001). These results are presented in Table 6 .
Factors Related to Self-Reported 0% Infection Rate
For those who reported a 0% infection rate, there was also a statistically significant difference between the level of training (23.7% of attending physicians vs 8.5% of residents; p < 0.001), as well as the type of practice (35.9% of respondents were in private practice vs 12.4% of respondents in academic/hybrid practice; p < 0.001). A 0% infection rate was more frequently reported with an increased number of EVD placements, with the exception of ≥ 11 EVDs (12.2% for 0 EVDs per year, 21.8% for 1 to 5 EVDs per year, 26.5% for 6 to 10 EVDs per year, and 13.6% for ≥ 11 EVDs per year; p < 0.001). These results are summarized in Table 7 .
For those respondents who reported a 0% infection rate, there were no statistically significant differences between preparation and draping methods compared with respondents who reported an infection rate higher than 0% (Table 8 ). However, there was a statistically significant difference in the likelihood of a 0% infection rate between those who always used continuous antibiotics (26.8%) versus those who did not always use them (16.8%) (p < 0.001). The results are demonstrated in Table 9 .
Discussion
The goal of this project was to survey the neurosurgical community and determine the most common practices and attitudes regarding EVDs. The present survey demonstrated great heterogeneity in the attitudes and practices among neurosurgeons in the survey population across the United States, which may be partly due to differences in the level of training, type of practice, and frequency of EVD insertion. Approximately 65% of the respondents reported EVD-associated infection tracking in their practice, and 1% to 3% was the most common self-reported infection rate. Evidence-based protocols, of which many are already published within the neurosurgical literature, were found be to be implemented by less than half of the participants. Of those limited centers with a protocol, those that strictly adhere to it were suboptimal. Protocol utilization for EVD insertion was significantly more frequent among residents, in academic/hybrid centers, in ICU settings, and 
if the institution tracked EVD-associated infection rates.
A self-reported 0% infection rate was significantly more commonly associated with a higher level of training (i.e., attending physicians), private center settings, performing 6 to 10 EVD insertions per year, and prophylactic continuous antibiotic utilization, but was not associated with the location of EVD insertion (e.g., emergency department), method of antiseptic use, or choice of draping. The most common minimum findings needed to be convinced that a patient has an EVD-associated infection were a positive CSF culture and a positive CSF Gram stain, whereas a positive Gram stain was the most commonly reported minimum amount of information needed to initiate treatment for a possible EVD-associated infection. After establishing routine evidence-based protocols, educational interventions, and checklists targeted at reducing EVD-related infections, many practices have achieved reductions in infection rates from 40% to more than 70%. 4, 6, 9, 19 For instance, a study from a US center implemented a "best-practice bundle," including a checklist of critical components to confirm proper insertion technique. 19 Using a protocol that included hand hygiene, prophylactic antibiotics, sterile glove changes between each step of the procedure, hair clipping, skin preparation using iodine and isopropyl alcohol, full-body and head draping, and the use of an antimicrobial-impregnated catheter along with a checklist of critical components to confirm proper insertion and monitor practice, the baseline infection rate of 9.2% before bundle implementation decreased quarterly to 2.6% and then to 0%. 19 Another study from England demonstrated a decrease in infection rates from 27% to 12% after adherence to a strict protocol. 6 Similarly, in another study performed in Brazil, after establishing a routine for EVD care and educational intervention EVDrelated infection rates have been shown to be reduced from 9.5% to 4.8% per patient and from 8.8% to 4.4% per procedure, and the incidence decreased from 14.0 to 6.9 infections per 1000 catheter-days. 4 Similarly, in another US center, the rate of CSF culture positivity was shown to decrease from 9.8% at baseline to 0.8% after adopting the EVD infection control protocol. 9 Even though the benefits of evidence-based protocols have been shown in several studies, the utilization of a protocol and strict compliance to it was demonstrated to be performed by less than 50% of the participants in the current study.
Quality improvement research has surged in popularity with the use of checklists at the start of surgical operations, as well as bedside procedures, and has become standard practice across the country. Institutional tracking of complications, including infections and procedural morbidity and mortality, has become a requirement for reimbursement from Medicare and Medicaid. The largest national database of health care-acquired infections is operated by the CDC. 7 Currently, data on EVD-related infections are not collected or reported. 7, 13 EVD-associated infection tracking was performed by only 65% of participants, suggesting that infection tracking for EVD-associated infections is not routinely performed throughout the United States and there is need for improvement. Despite the plethora of data published on the various risk factors for EVD-associated infections and methods employed to avoid them, no standard practices have been proposed or adopted by the general neurosurgical community. In a recent study comparing different EVD insertion and maintenance protocols, the use of an aseptic technique was found to be the most common practice across institutions. 12 Similar to the present study, however, differences in practice were found in catheter selection, location of the procedure, hair removal practices, skin preparation, dressing type and maintenance, drain replacement, and frequency of CSF sampling. 12 The success of bundle practices through educational interventions, standard evidence-based infection control protocols, and checklists in reducing the EVD-associated infection rates have important public health implications. In 2001, Peter Pronovost, an anesthesiologist who was working in an ICU in Michigan, observed that the placement of a central venous catheter was associated with bloodstream infections. Dr. Pronovost introduced a simple intervention that would revolutionize the delivery of quality health care: a simple checklist. 27 The interventions included hand washing, using full-barrier precautions during the insertion of central venous catheters, cleaning the skin with chlorhexidine, avoiding the femoral site if possible, and removing unnecessary catheters. Within 3 months of implementing this checklist, the infection rate decreased from 7.7% to 1.3%. 28 During the first year and a half of the study, it was estimated that 1500 patients survived who might have previously died of a deadly bloodstream infection. Additionally, it was thought that over $100 million was saved from reductions in the length of stay and treatment of other associated complications. When examined 4 years later, the effects of this simple checklist were still sustained. 28 Similar to central venous lines, the insertion of an EVD is very commonly performed-often as the first procedure that a neurosurgical patient undergoes upon entering the hospital-enabling the initial triaging of illness severity as well for many iatrogenic confounding variables to be controlled. There are a limited number of steps, thereby enabling standardization of the procedural steps and further controlling for any source of individual practice bias or unknown confounders. Furthermore, the first procedure taught to neurosurgical trainees is the insertion of an EVD, which occurs at the annual boot camp sponsored by the Senior Neurosurgical Society. 30 This enables junior neurosurgical trainees to establish a standard, evidence-based technique that will serve as the foundation for their future procedural learning during residency. Of all neurosurgical procedures, the insertion of EVDs should be easily studied with high-quality, prospective data that can be obtained and published.
Our study has limitations. The nationwide survey garnered nearly 1200 responses, but this only represents a small percentage (15%) of all recipients of the survey. With a greater response rate, more definitive conclusions can be made in future studies. Data collection was performed without any identifier, such as institutional information, and the lack of information about the responders' institutions prevented the calculation of the number of participating institutions and the cross-comparison of answers within each institution. The survey could also fall victim to recall bias, whereby individuals are guessing about the actual infection rates or the frequency of protocol adherence.
The goal of this study was to analyze the results of a national poll inquiring about the practices regarding the placement of EVDs, infection rates, and association between individual practices and infection rates. Our results warrant the improvement of and compliance with standardized best practice guidelines for EVD insertion and maintenance as a preventive measure to decrease nosocomial infections related to EVD-related infections, as well as for educational purposes.
Conclusions
This survey demonstrates significant practice variations among infection control measures for the placement and management of EVDs. These results highlight the need for the standardization of technique and infection control measures for this procedure. Commitment to quality improvement in this area should be supported through the development of published guidelines and the use of a standard checklist-based protocol for the insertion and maintenance of EVDs. This would not only ensure an improved standard of care, but also enable prospective, longitudinal research to be conducted on the treatment of these critically ill neurosurgical patients.
